In recent times, there has been an increasing interest in superhydrophobic surfaces, as these surfaces have applications in various fields.
1,2 Many different methods for the fabrication of superhydrophobic surfaces have been reported; these include a sol-gel method, [3] [4] [5] [6] chemical etching, 7, 8 the application of a polymer, 9-13 electrodeposition, 14 and the use of self-assembled monolayers (SAMs) of organic materials.
15-18
SAMs of organic materials have conventionally been used for surface modification. It is possible to modify the physical and chemical properties of a solid surface by coating the surface with self-assembled organic layers (SAMs). The wettability of alkylsilane SAMs is dependent on the degree of self-assembly and the roughness of the surface; highly ordered coatings of alkylsilane molecules increase the hydrophobicity of the coated surface considerably.
n-Alkyltriethoxysilane was hydrolyzed and polymerized to produce a self-assembled alkylsilane coating with a low surface energy. A hydrophilic surface coated with this self-assembled alkylsilane coating becomes hydrophobic because the surface is fully grafted by the molecules of SAM, which results in the CH 3 and CH 2 groups being exposed. The wettability of an alkylsilane-coated surface is defined by the relative contributions of groups atop. The formation mechanism of alkylsilane SAMs is as follows: first, alkyl triethoxysilane is hydrolyzed by H 2 O, which results in the formation of alkylsilanol. The OH groups of alkylsilanol condense to form ether linkages between Si and the surface. Depending on the reaction conditions, wellordered molecules (A), collapsed molecules (B), and lying down molecules (C) can be formed (Fig. 1) .
19
Thus far, SAMs of alkane thiols 20 and long-chain fatty acids 21 have been fabricated. Fluorinated alkyl-silane which is very popular in wettability studies has been used to coat solid surfaces in order to obtain superhydrophobic surfaces. 22, 23 When SAMs are formed on a surface, the alkyl chains in the monolayer interact with each other only in a hydrophobic manner.
In this study, we introduced an urea group in organo-silane derivatives to obtain, in addition to hydrophobic interaction, improved interaction between the molecules via hydrogen bonds (Fig. 1) . This study describes the synthesis of aryland alkyl-urea silanes and their application to the modification of a cupper deposited surface with the objective of obtaining a superhydrophobic surface. 
Notes

Experimental
Instrumentation. The water contact angles of the cupper deposited magnesium surface were measured using a contact angle analyzer (Phoenix 300, Surface Electro Optics) at ambient temperature. The morphology of the surface was observed by FE-SEM (Hitachi S4300, Hitachi Inc.). The XPS spectrum of the surface was obtained using a spectrometer (MultiLab 2000, Thermo VG Scientific). External Fourier transform infrared (FTIR) spectra were obtained using a spectrometer (Travel IR, Sens IR technologies) with a KBr plate. The NMR spectra were obtained using a NMR spectrometer ( Avance 600, Bruker).
General Procedure for Synthesis of 1-{3-(Triethoxysilyl)}propyl-3-phenethyl-urea (1): 2-Phenethylamine (3.4 g, 28 mmol) was dissolved in toluene (20 mL) and triethylamine (2.8 g, 28 mmol) was added to this solution. To this reaction mixture was added 3-(triethoxysilyl)propyl isocyanate (6.9 mL, 28 mmol) and then the mixture was refluxed for 20 h. The mixture was then cooled to room temperature, and the solvent was evaporated. The product was purified by vacuum distillation. Yields 9.8 g (95%). Synthesis of 1-{3-(Triethoxysilyl)}propyl-3-hexyl-urea (2): The title compound was prepared from hexylamine (2.8 g, 28 mmol), triethylamine (2.8 g, 28 mmol), 3-(triethoxysilyl)propyl isocyanate (6.9 mL, 28 mmol) and toluene (20 mL) according to the general procedure. Yields 8.7 g (89%). 
Results and Discussion
The superhydrophobicity of the surface of a solid material is governed by both the low surface energy material and its geometrical structure of surface. The surface of magnesium is hydrophilic and its contact angle is approximately 58 o for water. In this study, the copper deposited magnesium plate was treated with the silane derivatives. A flat surface can be converted into a rough surface because a material coating of flat surface with low surface energy material showed the water contact angle of less than 120 o . 24 Figure 2 shows SEM images of the copper deposited on the surface of magnesium plate. The copper particles on the surface vary from 10 μm to 50 μm in size and valleys can be observed on the surface. After the deposition of copper particles on the surface of the magnesium plate, the surface was modified by hexyl-or phenethyl-urea silane (Fig. 3) .
The formation of SAMs on the surface of a metal affects the properties of the metal surface to a significant extent. Interestingly, we found that the contact angles of a surface treated with hexyl-urea silane were almost similar to those of (Fig. 4) . Figure 5 shows the relationship between the pH value and the water contact angle on the superhydrophobic surfaces. The coated surface showed a high water contact angle, and it was stable over a wide range of pH values.
The driving force of the formation of SAMs was the interaction between adjacent hydrocarbon moieties (i.e., van der Waals forces). In addition, during the formation of monolayers of hexyl-or phenethyl-urea silane on the surface, hydrogen bond formation occurs (Fig. 6) . The hydrogen bonds in the SAMs increase the stability of the coating and prevent the occurrence of collapsed molecules or lying down molecules.
The surface chemical composition was identified by XPS. Figure 7 shows the XPS spectrum of the copper deposited magnesium plate modified by the silane derivatives. The modified surface shows the significant peaks at 284.4 eV and 401.1 eV and corresponding to the C 1s peak and N 1s peak. The results strongly suggest that the surface of the magnesium plate was coated with hexyl-or phenethyl-urea silane. Surface chemical modification of the copper cluster deposition on magnesium surface was carried out by forming a SAM of organosilane derivatives. After coating the surface with urea silane derivatives, the water contact angle increased considerably; the presence of hydrophobic molecules on the surface is proof of the increase in the contact angle. The methyl-terminated or phenyl-terminated hydrocarbon groups shield the polar metal clusters deposited on the surface, and the urea group in the silane derivatives effectively connects the molecules in the SAMs.
Conclusion
In this study, we synthesized hexyl-and phenethyl-urea silanes and used them in the fabrication of superhydro- Notes phobic surfaces on cupper deposited magnesium plates. This method is simple and cheap; in addition, the superhydrophobic surfaces obtained were stable over a wide range of pH values. Thus, the silane derivatives synthesized in this study can serve as suitable alternatives to low surface energy materials such as fluorinated alkyl silane derivatives used in the fabrication of superhydrophobic surfaces.
